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Systemic capillary leak syndrome (SCLS) is very rare and lethal disease and only 150 cases have been reported after the 
first publication of its report in 1960 by Clarkson. SCLS is characterized by hemoconcentation and hypoalbuminemia 
caused by reversible plasma extravasation. Its mechanism is unknown, but transient dysfunction of the endothelium is 
the most suspected cause and trigger of this event may cause immunologic disarrangement. After recovery of endothelial 
function, fluid injected during the shock period is redistributed and can cause severe pulmonary edema. SCLS should 
be considered in patients with acute and severe hypotension with hemoconcentration and hypoalbuminemia without 
obvious cardiac dysfunction. Especially we should take into account the possibility of SCLS if fluid replacement does not 
work or the shock state is aggravated despite aggressive fluid resuscitation and vasopressor administration. SCLS itself is 
a very rare disease; furthermore, SCLS that develops during well-controlled surgery is even more rare. So we report this 
case with review of the literature. (Korean J Anesthesiol 2014; 66: 462-466) 
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Systemic capillary leak syndrome (SCLS) was first reported 
by Clarkson in 1960 [1]. It is a rare and fatal disease with less 
than 150 reported cases and is characterized by hemoconcentra- 
tion and hypoalbuminemia caused by reversible plasma extrava- 
sation, and it is presumed that the cause of this disease is an im- 
munological disorder [2,3]. Many cases of SCLS have occurred 
suddenly in healthy persons [1,4]. 

In many studies, it is presumed that endothelial dysfunction 



in SCLS is caused by apoptosis of endothelial cells or endothelial 
contraction [1,2,4]. In a study investigating the mechanism of 
lung injury in ARDS, it was shown that inflammatory mediators 
were deeply involved in apoptosis of endothelial cells and diffuse 
capillary leak [5,6]. 

This case was clinically diagnosed as SCLS because of hypo- 
tension, pulmonary edema and hemoconcentration that oc- 
curred suddenly during elective surgery, and it is a very rare dis- 



Received: April 5, 2013. Revised: 1st, May 24, 2013; 2nd, May 27, 2013. Accepted: May 28, 2013. 

Corresponding author: Eui-Kyun leong, M.D., Department of Anesthesiology and Pain Medicne, Gangneung Asan Hospital, University of 
Ulsan College of Medicine, 38, Bangdong-gil, Sacheon-myeon, Gangneung 210-711, Korea. Tel: 82-33-610-3409, Fax: 82-33-641-8180, E-mail: 
uikyun75@naver.com 

©This is an open-access article distributed under the terms of the Creative Commons Attribution Non- Commercial License (http:// 
creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



Copyright © the Korean Society of Anesthesiologists, 201 4 



www.ekja.org 



Korean J Anesthesiol 



Jeong et al. 



ease, and also the case developed during surgery, which is even 
rarer. Hence, we report this case. 

Case Report 

A female patient of 41 years of age with a height of 152.5 cm 
and a weight of 67.8 kg came to the emergency room because 
of pruritus as a major symptom and she had no other symptom 
besides general pruritus at that time. The blood test, urinalysis, 
chest X-ray (Fig. 1), and electrocardiogram (ECG) were con- 
ducted in the emergency room. The results showed aspartate 
aminotransferase was 70 IU/L, alanine aminotransferase 60 IU/L, 
alkaline phosphatase 1,249 IU/L, bilirubin 2.6 mg/dl, and gamma 
glutamyl transferase 1,218 IU/L, so obstructive jaundice was di- 
agnosed. Because of the obstructive jaundice, computed tomog- 
raphy (CT) and magnetic resonance cholangio-pancreatograpy 
were additionally performed. In the result, distal common bile 
duct cancer was confirmed, so it was decided to perform pylo- 
rus preserving pancreatoduodenectomy. Before surgery, the test 
result showed normal chest radiography (Fig. 1), normal ECG, 
hemoglobin 12.7 g/dl, hematocrit 39.8%, white blood cell 
19,600 /mm 3 , platelet 309,000 /mm 3 , and albumin 3.5 g/dl, with 
no unusual finding and the diabetes was well controlled in the 
range of glucose of 100-140 mg/dl. 

For general anesthesia, thiopental sodium 300 mg and ve- 
curonium 8 mg for the endotracheal intubation were intrave- 
nously injected. Tracheal intubation was conducted with a single 
lumen tube of 7.5 mm in its internal diameter and intubation 
easily proceeded on the first try. The maintenance of anesthesia 
was done by desflurane 5.0-6.0%, 50% nitrous oxide and oxygen. 
The patient was maintained with a tidal volume of 8 ml/kg, and 
a respiratory rate of 10 breaths/min by the volume controlled 




Fig. 1. Pre-operative chest radiography shows normal findings. 



mode. ECG, bispectral index (BIS), and pulse oximetry were 
performed, and a 20-gauge catheter was inserted in the right 
radial artery for continuous arterial pressure monitoring and a 
central venous catheter was inserted in the right internal jugu- 
lar vein for the measurement of central venous pressure and 
for transfusion of fluids. The patient's vital signs immediately 
after surgery were stable (systolic/diastolic blood pressure 100- 
130/60-80 mmHg, heart rate 83-97 beats/min, BIS 45-50, cen- 
tral venous pressure 10 mmHg, and pulse oximetry saturation 
100%). In the patient, end-tidal carbon dioxide (EtC0 2 ) was 
rapidly reduced and then disappeared, and hypotension (50- 
60/20-30 mmHg), bradycardia (30-40 beats/min), central ve- 
nous pressure 3 mmHg, rapidly decreased BIS value, and oxygen 
saturation of 88% were observed without sudden massive loss 
of blood or unusual conditions during surgery over four hours 
after starting the operation, so Fi0 2 was increased by 1.0 and 
ephedrine 10 mg, phenylephrine 100 ^ig, and epinephrine 450 
[rg were intravenously injected. However, her vital signs were 
not improved and arterial pressure rapidly decreased and then 
disappeared. Epinephrine 3 mg and atropine 1 mg were injected 
and cardiac massage was conducted for 20 minutes because of 
acrostic electrical activity on ECG. After that, arterial blood 
pressure was 150/93 mmHg, and pulse 140 beats/min, and an 
oxygen saturation of 100% was confirmed. BIS value did not 
recover after it was reduced during cardiopulmonary resuscita- 
tion. The result of the arterial blood gas examination at that time 
showed hemoglobin was 8.2 mg/dl, hematocrit 24%, Pa0 2 83 
mmHg, PaC0 2 51 mmHg, pH 7.13, ionized calcium 3.05 mg/dl, 
and glucose 254 mg/dl. Considering that the arterial blood gas 
examination was conducted after injecting 1,500 ml fluid within 
30 minutes with cardiopulmonary resuscitation, it was deter- 
mined that hemodilution was present rather than decreased 
hemoglobin caused by loss of blood. Calcium chloride 300 mg 
to prevent myocardial contractility reduction caused by hypo- 
calcaemia, sodium bicarbonate 80 mEq for acidosis, and regular 
insulin 5 units for glucose control were intravenously injected. 
Colloid 1,000 ml, crystalloid 3,000 ml, and 2-pint packed red 
blood cells were injected for three hours after the occurrence of 
the hypotension. Then, the result of the arterial blood gas ex- 
amination showed hemoglobin was 16.7 mg/dl, hematocrit 49%, 
Pa0 2 89 mmHg, PaC0 2 38 mmHg, pH 7.37, ionized calcium 
3.45 mg/dl, glucose 187 mg/dl, and so hemoconcentration was 
observed. Transesophageal ultrasonography was conducted to 
confirm cardiac functions during surgery and to provide fluids, 
but no unusual finding was found. After cardiopulmonary resus- 
citation, dopamine 5-10 [rg/kg/min was injected to maintain the 
arterial blood pressure at 120-80/80-40 mmHg and body tem- 
perature at 34-36°C. The anesthetic duration was 9 hours and 
45 minutes and the surgical time was 8 hours and 35 minutes. 
Estimated blood loss was 1,800 ml and urine output was 2,670 
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Fig. 2. Post-operative chest radiography shows pulmonary edema 
bilaterally. 



ml, and the injected fluid and blood included crystalloid 5,600 
ml, colloid 1,000 ml, and packed red blood cell 2 pints. On chest 
radiography conducted after surgery, pulmonary edema was 
observed without cardiomegaly in the bilateral pulmonary area. 
Her weight was 72.3 kg, and this increased by approximately 5 
kg after she was transferred to the intensive care unit (Fig. 2). 

The patient was intravenously injected by dopamine 10 \ig/ 
kg/min with airway intubation under anesthesia after surgery and 
transferred to the surgical intensive care unit. After surgery, the re- 
sult showed hemoglobin 18.1 g/d, hematocrit 51.9%, white blood 
cell 23,600 /mm 3 , platelet 363,000 /mm 3 , albumin 1.6 g/dl, and 
so hemoconcentration and hypoalbuminemia were confirmed. 
Therefore, SCLS was presumptively diagnosed. Mechanical 
ventilation care was performed with the pressure support mode 
because of the pulmonary edema. Theophylline 400 mg/day and 
solucortef 300 mg/day were intravenously injected to improve 
systemic capillary leak syndrome, and dopamine, dobutamine, 
and norepinephrine were also injected to improve hypotension. 
Hemoglobin was 11.8 g/dl and hematocrit was 35.1% at Day 1 
after surgery and albumin was 3.3 g/dl at Day 3, and so these 
values had normalized. Pulmonary edema was improved at Day 
13 after surgery. The mental status of the patient was semico- 
matose and deep drowsy and it was not improved. On diffusion 
magnetic resonance imaging conducted after surgery, hypoxic 
brain damage was confirmed. On electroencephalography, se- 
vere diffuse cerebral dysfunction was confirmed. Tracheostomy 
was conducted eight months after the operation and since then 
SICU conservative care has been in progress. 

Discussion 

In SCLS, sudden shock and edema develop due to plasma ex- 
travasation caused by endothelial dysfunction. It may be accom- 



panied by asthenia universalis, fever, emesis, abdominal pain, 
diarrhea, etc. and it may occur suddenly without a prodrome 
[1-3]. Shock and edema can continue for several days and the 
flow of fluid from the four limbs and trunk is found, but visceral 
edema, such as pleural exudate and pericardial exudates, does 
not typically occur [4]. As the function of the capillary barrier 
recovers, symptoms improve. In this period, fluid injected to 
treat shock is rapidly redistributed, so pulmonary edema oc- 
curs and this can cause death [4]. Therefore, the amount of fluid 
injected to prevent damage caused by organ ischemia during 
hypovolemic shock must be very carefully monitored. Excessive 
supply of fluid can cause compartment syndrome, rhabdomy- 
olysis, or renal failure as well as pulmonary edema [4] . 

In the case of hypotension, hemoconcentration, and hypo- 
albuminemia without any special cause to induce shock pres- 
ent, SCLS can be diagnosed. Especially, the co-occurrence of 
hypotension and hemoconcentration enables clinicians to infer 
that the hypovolemia was caused by destruction of vascular 
endothelial cells. In the case of acute hypotension and hemo- 
concentration not reacting to aggressive fluid supplement or 
vasoconstrictors without a decline of cardiac function, SCLS 
should be considered. Complete blood count, blood and urine 
culture, serum immunofixation electrophoresis, serum albumin 
level, serum tryptase, chest radiography, electrocardiography, 
and echocardiography are required for the diagnosis in the pres- 
ence of symptoms. When IgG kappa monoclonal gammopathy 
is confirmed without the possibility of multiple myeloma, it can 
be an accessory standard for the diagnosis of SCLS, but it is not 
essential for diagnosis [2,4,7]. Intravenous injection of theophyl- 
line decreases the duration and severity of the acute phase, and 
hypertensors and fluid are required as appropriate. Colloids 
remaining in the intravascular space are preferred for the fluid, 
and fluids should keep central venous pressure only at the level 
that prevents damage caused by hypoperfusion, so that com- 
partment syndrome or rhabdomyolysis can be prevented [2,4]. 
In the case of phlebothrombosis, anticoagulant therapy should 
be conducted. In the case of severe pulmonary edema, the use 
of a respirator should be considered and the symptoms can be 
improved by intravenous high-dose immunoglobulin, but the 
mechanism for this is unknown [8,9]. 

Coronary artery spasm, pulmonary thromboembolism, in- 
ferior vena cava compression syndrome, idiopathic anaphylaxis, 
sepsis, acute respiratory distress syndrome (ARDS) due to 
aspiration, systemic inflammation due to surgical trauma that 
can induce a sudden drop of blood pressure, loss of EtC0 2 , and 
bilateral pulmonary edema were suspected, but excluded by the 
reasons that follow. Transesophageal ultrasonography during 
surgery was conducted to confirm whether the cause was heart 
failure due to coronary artery spasm occurring during surgery. 
However, the motility of the cardiac walls was normal, and ergo- 
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novine, acetylcholine, and vasoconstrictors that provoke coro- 
nary spasm had not been injected, and also hyperventilation was 
not observed [10,11]. 

Sudden loss of EtC0 2 and hypotension occurred, so throm- 
boembolism was suspected, but findings of right ventricular 
malfunction due to pulmonary embolism, such as dilatation 
of the right atrium and the right ventricle, and left shift of the 
interventricular septum, were not observed on transesophageal 
ultrasonography during surgery [12]. 

The possibility of compression of the inferior vena cava dur- 
ing surgery or compression caused by a pathological process 
was confirmed by an operator, but no unusual conditions were 
found. 

Idiopathic anaphylaxis can induce acute hypotension and an- 
gioedema, but the angioedema is localized in the upper airway, 
with a normal albumin level, and a great reaction to epineph- 
rine. Therefore, it can be excluded [13]. 

In the case of sepsis, hypotension and edema occurred, so 
the syndrome may look similar to sepsis. However, the albumin 
level was not decreased and there was no signs to suspect infec- 
tion before the development of sudden hypotension. Therefore, 
sepsis can be excluded [4]. 

ARDS due to aspiration during anesthesia can be excluded 
because proper fasting was conducted for the elective surgery, 
and intubation was not repeatedly tried, and aspiration of gastric 
contents was not observed. Systemic inflammation caused by 
surgical trauma was not completely excluded because proin- 
flammatory cytokines were not evaluated [6]. 



In the case of exclusion of multiple myeloma, an accessory 
standard for diagnosis of SCLS, serum electrophoresis, serum 
IgG, IgA, IgM, IgE level were confirmed to verify monoclonal 
gammopathy (post op 1 day: IgG: 295 mg/dl, post op 2 days: 
IgG: 406.5 mg/dl, IgA: 98.8 mg/dl, IgM: 40 mg/dl, post op 
3 days: IgG: 416.7 mg/dl, normal value of IgG: 694-1,618 mg/dl, 
IgA: 60-263 mg/dl, IgM: 60-263 mg/dl, serum electrophoresis 
result: no abnormal band), but the results were not confirmed 
as monoclonal gammopathy. Many SCLS patients have mono- 
clonal gammopathy, but some studies have expressed doubt 
that paraprotein is a direct cause of SCLS [2]. This case did not 
accord with monoclonal gammopathy which is an accessory 
standard for the definite diagnosis of multiple myeloma, but 
other diseases were excluded. Therefore, it was presumptively 
diagnosed as SCLS [1-4,7,8]. 

In this case, it was decided that hypoxic brain damage had 
been caused by inappropriate perfusion of the brain during 
cardiopulmonary resuscitation, so the use of a respirator in the 
intensive care unit was unavoidable because of the absence of 
appropriate spontaneous respiration. 

We need to be aware that SCLS can occur in patients without 
underlying diseases or history of a previous SCLS attack during 
elective surgery. When sudden bilateral pulmonary edema and 
severe hypotension not reacting to hypertensors occur, evalu- 
ation and treatment are required to be performed with consid- 
eration of the possibility of SCLS in the case where the cause is 
unclear. 
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